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(54) Pneumatically operated mechanism 



(57) A pneumatically operated mechanism for a 

glass machine comprises a piston and cylinder device, 
first and second air lines leading to opposite sides of the 
piston, and first and second control means for control- 
ling the passage of air through the air lines, which control 
means each comprise an operating valve and a speed 
control valve. The valves are solenoid operated and by 



control of the timing of operation of the valves the speed 
of movement of the piston and the degree of cushioning 
at the ends of its stroke may be adjusted. In a modified 
mechanism pressure sensors which sense the pres- 
sures in the piston and cylinder device are connected to 
a processor which is adapted in response to data 
sensed by the sensors to operate the valves to obtain a 
desired movement of the piston. 
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Description 

The invention relates to pneumatically operated 
mechanisms particularly for use in glass bottle making 
machinery. 5 

Glass bottle making machinery, especially the well- 
known Individual Section or LS. machine, usually com- 
prises a number of separate pneumatically operated 
mechanisms which operate in sequence in the manu- 
facture of a bottle. Examples of such mechanism are the io 
baffle mechanism, the funnel mechanism, mould open- 
ing and closing, the blow head mechanism etc. 

Very heavy demands are made on the pneumatic 
mechanisms in the operation of the machine: firstly they 
are required to operate at high speed, to achieve the is 
desired production rates. At the same time effective 
cushioning must be provided at the ends of the strokes 
of the mechanism to reduce wear and vibration. Further 
It is desirable to be able to adjust the speed and cush- 
ioning of the mechanism. With conveniional mecha- 20 
nisms such adjustments have necessitated manual ad- 
justments to needle valves incorporated in the ma- 
chines, a task which is difficult and dangerous. 

It is an object of the present invention to provide an 
improved pneumatically operated mechanism for use in 2S 
a glass bottle making machine. 

The present invention provides as one of its fea- 
tures 

a pneumatically operated mechanism for control- 30 
ling the movement of an operating member com- 
prising 

a piston and cylinder device comprising a piston 
mounted In a cylinder and dividing the cylinder into 
first and second chambers with the operating mem- 3S 
ber connected to the piston and 
first and second air lines leading to the first and sec- 
ond chambers respectively 

characterised In that the mechanism comprises a 40 
control means for controlling passage of air through one 
of the air lines 

comprising an operating valve in the air line mova- 
ble between a first position in which the respective 46 
chamber is connected to exhaust through a restric- 
tion and a second position in which the chamber Is 
connected to a supply of compressed air 
a speed control valve 

a control line connecting the control valve to the air so 

fine between the chamber and the operating valve 
the control valve being movable between a first, 
open, position in which the control line is connected 
to exhaust through a restriction and a second, 
closed, position in which the control line is not so ss 
connected, the operating valve and the speed con- 
trol valve being adapted to operate at appropriate 
times to control movement of the piston in one di- 



rection in response to appropriate signals provided 
by an external control system. 

A pneumatically operated mechanism as set out in 
the last preceding paragraph allows for control of the 
movement of the piston and operating member in one 
direction: while this may provide an advantage over prior 
conventional pneumatically operated mechanisms, it is 
usually desirable to provide for control of such move- 
ment in both directions. 

The present invention also provides as one of its 
features a pneumatically operated mechanism for con- 
trolling the movement of an operating member compris- 
ing: 

a piston and cylinder device compnsing a piston 
mounted in a cylinder and dividing the cylinder into 
first and second chambers with the operating mem- 
ber connected to the piston; 
first and second air lines leading to the first and sec- 
ond chambers respectively 

characterised in that the mechanism also compris- 
es first and second control means for controlling the pas- 
sago of air through the first and second air linos respec- 
tively each control means comprising; 

an operating valve in the respective air line movable 
between a first position In which the respective 
chamber is connected to exhaust through a restric- 
tion and a second position in which said chamber 
is connected to a supply of compressed air; 
a speed control valve; 

a control line connecting the control valve to the air 
line between the respective chamber and operating 
valve; 

the control valve being movable between a first, 
open, position in which the control line is connected 
to exhaust through a restriction and a second, 
closed, position in which the control line is not so 
connected; 

the valves of the two control means being adapted 
to operate at appropriate times to control the move- 
ment of the piston in response to appropnate sig- 
nals provided by an external control system. 

The present invention also provides, as another of 
its features, a method of controlling the movement of an 
operating member comprising the use of a mechanism 
as set out in the last preceding paragraph and providing 
signals from a control system which procures the foltow- 
ing sequence: - 

(a) the piston is at the first end of the chamber 
the operating valve of the first control means is 
closed, connecting the first chamber to exhaust 
through a narrow reslriction 

the control valve of the first control means is open, 
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connecting the first chamber to exhaust through on- 
ly a slight restriction 

the operating valve of the second control means is 
open, connecting the second chamber to com- 
pressed air; 5 
the control valve of the second control means is 
closed. 

(b) the second operating valve is closed connecting 
the second chamber through a narrow restriction to 
exhaust and w 
the second control valve is opened, connecting the 
second chamber to exhaust through only a slight 
restriction; 

(c) the first operating valve is opened, connecting 

the first chamber to compressed air and the first 1B 
control valve is closed, so that the piston moves 
from the first end towards the second end of the cyl- 
inder; 

(d) the second control valve Is closed, restricting 

the exhaust from the second chamber through the so 
narrow restriction associated with the second oper- 
ating valve, thus cushioning the end motion of the 
piston as it moves to the second end of the cham- 
ber. 

2S 

A pneumatically operated mechanism according to 
the invention shows many advantages. The external 
control system may conveniently be a conventional tim- 
ing system which can be arranged to be adjusted by a 
hand held terminal, and this enables the timing and 30 
speed of motion of the mechanism to be adjusted with- 
out requiring access to the machine. Also the speed of 
the mechanism can be increased without any effect on 
the cushioning. As well as these advantages the sim- 
plicity of the system means that it Is both cheaper and 3S 
occupies less space in the machine. 

However in the mechanism just set out the timing 
of the operation of the valves is set by the operator, e. 
g. by the hand held terminal, essentially by trial and error 
to obtain a desired speed of operation and degree of 40 
cushioning of the pneumatic mechanism. While this can 
be very effective providing that the operator is skilful and 
experienced^ it is dependent on him. 

It is a further object of the present invention to pro- 
vide a self regulating pneumatically operated mecha- 4S 
nism for controlling the movement of an operating mem- 
ber in a glass bottle making machine. 

The present invention provides a pneumatically op- 
erated mechanism for controlling the movement of an 
operating member comprising so 

a piston and cylinder device comprising 
a piston mounted in a cylinder and dividing the cyl- 
inder into first and second chambers with the oper- 
ating member connected to the piston and ss 
first and second air lines leading to the first and sec- 
ond chambers respectively 



characterised in that the mechanism also compris- 
es 

first and second control means for controlling pas- 
sage of air through the first and second air lines re- 
spectively 

each such control means comprising 
an operating valve in the respective air line move- 
able between a first position in which the respective 
chamber is connected to exhaust through a restrrc- 
tion and a second position In which said chamber 
is connected to a supply of compressed air 
a speed control valve 

a control line connecting the control valve to the air 
line between the respective chamber and the oper- 
ating valve 

the speed control valve being moveable between a 
first, open, position in which the control line and the 
chamber are connected to exhaust through a re- 
striction and a second closed position in which the 

control line and the chamber are not so connected 
a sensor for sensing the pressure in the respective 
air line and chamber 

and a processor adapted in response to pressure 
data sensed by the sensors to operate the operating 
valves and the speed control valves to obtain the 
desired movement of the piston. 

There now follows a description, to be read with ref- 
erence to the accompanying drawings, of three pneu- 
matically operated mechanisms according to the inven- 
tion. 

In the accompanying drawings:- 

Figure 1 shows diagrammatically a first pneumati- 
cally operated mechanism for controlling the move- 
ment of a blow head on a glass container forming 
machine; 

Figure 2 shows a timing sequence of the mecha- 
nism of Figure 1 : 

Figure 3 shows a second mechanism, similar to ttiat 
of Figure 1 , adapted for use in a mould opening and 
closing mechanism. 

Figure 4 shows diagrammatically a third pneumati- 
cally operated mechanism, lor controlling the move- 
ment of a blow head in a glass container forming 
machine; 

Figures 5A and 5B show the movement of a piston 
of the mechanism in a down stroke with excessive 
cushioning and the pressures in chambers above 
and below the piston; 

Figures 6A and 68 correspond to Figures 5 A and 
58 under conditions of insufficient cu.shioning; 
Figures 7A and 78 correspond to Figures 6A and 
58 but show an up stroke with satisfactory cushion- 
ing; 

Figures 8 A and 88 correspond to Figures 5 A and 
SB but show an up stroke with excessive cushion- 
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ing; 

Figures 9A and 9B correspond to Figures 8A and 
8B but with insufficient cushioning; 
Figures 10A and 10B correspond to Figures 8A and 
8B but with satisfactory cushioning: 5 
Figure 11 shows diagrannmatically the timing of var- 
ious valves in the mechanism of Figure 4; 
Figure 12 shows an algorithm for the control of 
down stroke cushioning; 

Figure 13 shows an algorithm for the control of io 
down stroke motion time; 

Figure 14 shows an algorithm for the control of up 
stroke cushioning; and 

Figure 15 shows an algorithm for the control of up 
stroke motion time. 75 

Figure 1 shows a pneumatically operated mecha- 
nism for control ling the movement of an operating mem- 
ber, namely a blow head (shown diagrammatically at 2), 
in a glass coniainer forming machine. The mechanism 20 
comprises a vertical piston and cylinder device 4 com- 
prising a piston 6 on a piston rod 7 mounted in a cylinder 
8 and dividing the cylinder into a first, lower chamber 
10 extending to a first end portion 14 of the cylinder 8, 
and a second, upper, chamber 12 extending to second 2S 
end portion 16 of the cylinder 8. 

The blow head 2 is connected to the piston rod 7, 
and a cam roll 18, also connected to the piston rod 7, 
runs in a cam track 20 which is so arranged that on ver- 
tical movement of the piston 6 and rod 7. a desired up 30 
and down and arcuate movement is given to the blow 
head 2 to carry it between an operative position in con- 
tact with blow moulds of the machine and an out of the 
way position. 

The mechanism comprises a first air line 22 leading 35 
to the first, lower chamber 10, and a second air line 24 
leading to the second, upper, chamber 12, and first and 
second control means for controlling the passage of air 
through the first and second air lines. 

The first control means comprises a normally open 40 
up operating valve 26 movable between a first, closed 
position in which the first chamber 10 is connected to 
exhaust through an adjustable restriction 28 and a sec- 
ond, open, position in which the first chamber 10 is con- 
nected to a source P of compressed air. Movement of 4s 
the valve 26 between its first and second positions is 
obtained by operation of a solenoid 30 which operates 
in response to signals received from an external control 
system, viz a timing system of the machine. 

The first control means also comprises a normally so 
closed down speed controf valve 32 and a control line 
34 which connects the control valve 32 to the air line 22 
between the chamber 10 and the operating valvo 26. 

The speed control valve 32 is movable, by operation 
of a solenoid 36, between a first, open, position, in which 
the control line 34 is connected to exhaust through an 
adjustable restriction 38. and a second, closed, position 
in which the control line 34 is not so connected. 



The second control means closely resembles tha 
first control means, and comprise a normally closed 
down operating valve 40 movable by a solenoid 42 be- 
tween a first, closed, position in which the second cham- 
ber 12 is connected to exhaust through an adjustable 
restriction 44, and a second, open, position in which the 
second chamber 12 is connected to compressed air R 
and a normally closed up speed control valve 46 and a 
control line 48 which connects the control valve 46 to 
the air line 24 between the chamber 12 and the operat- 
ing valve 40. The control valve 46 Is moveable by oper- 
ation of a solenoid 50 between a first, open, position in 
which the control line 48 is connect to exhaust through 
an adjustable restriction 52, and a second, closed, po- 
sition in which the control line 48 is not so connected. 

In the case of a blow head in a glass container form- 
ing machine, the critical movement of the head is that 
which takes place when the blown container has been 
formed and the blow head must be removed as quickly 
as possible from a position in contact with blow moulds 
in which the containers are formed into a position in 
which a take out mechanism can approach the blow 
mould ready to grasp and remove the formed containers 
when the mould is open. The time taken for the blow 
head to perform this movement is dead time, i.e. no 
forming operation takes place during this time so that 
any saving of this time leads to a reduction of the cycle 
time of the machine and thus to an increase in produc- 
tivity. 

Consequently, while the mechanism just described 
comprises two control means, it can be advantageous 
to employ a pneumatically operated mechanism incor- 
porating only one control means, viz the second control 
means comprising the up speed control valve 46. 

Figure 2 illustrates the operation of the mechanism 
to carry a blow head up and away from its operative po- 
sition in contact with the blow moulds. 

(a) Prbrtotime t^: 

The blow head 2 is in contact with the blow moulds. 
The second, down, operating valve 40 is activated 
Into its open position, thus connecting the line 24 to 
compressed air and pressurising the chamber 1 2 to 
hold the blow head down. 

The first, up, operating valve 26 is activated into Its 
closed position, thus connecting the line 22 to ex- 
haust through the reslrtclion 28. The restriction 28 
is adjusted so that it is highly restrictive of air flow 
The first speed control valve 32 is activated into its 
open positkjn thus connecting the line 22 to exhaust 
through the restriction 38, which is adjusted so that 
it is only slightly restrictive of air flow. 
The second speed control valve 46 is not activated 
and is thus in its ciosed position so that the line 24 
is not connected to exhaust. 

(b) At time t^ , 

The second, down, operating valve 40 is inactivat- 
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ed, thus moving to its closed position connecting the 
upper chamber 1 2 to exhaust through the restriction 
44 which is adjusted so that it is highly restrictive of 

air flow. 

The second speed control valve 46 is activated thus 
connecting the chamber 1 2 to exhaust through the 
restriction 52, which is adjusted so that it is only 
slightly restrictive of air flow. 

(c) At time X2. 

Between t. and tg the upper chamber 1 2 is exhaust- 
ing, at a rate controlled by adjustment of the restric- 
tions 44 and 52. At time tg, which is a selected time 
after t-, : 

The first, up, operating valve 26 is deactivated and 

moves to its open position, thus connecting the line 

22 and the chamber 10 to compressed air. 

The first speed control valve 32 is deactivated, 

breaking the connection between the line 22 and 

exhaust. 

Rapid upward movement of the piston 6 thus is in- 
itiated: the speed of such movement will be deter- 
mined not only by the pressure of the compressed 
air but also by the extent to which the upper cham- 
ber 12 has been exhausted between t-| and tg, as 
determined by the restrictions 44 and 52. 

(d) At time X^: 

The second control valve 46 is deactivated and re- 
turns to its closed position in which the line 24 is not 
connected to exhaust through the restriction 52. 
Venting of air from the upper chamber 12 is thus 
confined to the air which will pass through the re- 
striction 44 which is highly restrictive. Pressure will 
thus build up in the chamber 12 and begin to slow 
down the upward movement of the piston 6, effec- 
tively cushioning the end of the upward stroke of the 
piston 6. 

(e) At time 14 

The control valve 46 is activated to connect the line 
24 again to exhaust through the restriction 52, thus 
to release any residual pressure in the chamber 12. 

It will be understood that downward movement of 
the piston is controlled in an analagous manner. 

Use of the pneumatically operated mechanism just 
described allows for very precise control of movement 
of the piston 6 determined in part by adjustmenl of the 
timing signals given to the various valves, and in part by 
adjustment of the vanous restrictions leading to ex- 
haust. 

With appropriate adjustments, the pneumatically 
operated mechanism just doscribGd can obtain move- 
ment of a blow head from a position in contact with the 
blow m.oulds into a position out of the way of the take 
out mechanism within 250 milliseconds, compared with 
about 350 milliseconds with conventional pneumatic op- 
erating mechanism. 
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Figure 3 shows the application of a similar arrange- 
ment to provide a pneumatically operated mould open- 
ing and closing mechanism in a glass container forming 
machine. 

5 The mould opening and closing mechanism com- 
prises a horizontal piston and cylinder device 60 com- 
prising a piston 62 on a piston rod 64 mounted in a cyl- 
inder 66 and dividing the cylinder into a first chamber 68 
extending to a first end 70 of the cylinder 66, and a sec- 
10 ond chamber 72 extending to a second end 74 of the 
cylinder 66. The piston rod 64 is connected,, in a con- 
ventional manner, to mould mechanism of the machine. 

The mould opening and closing mechanism com- 
prise a first air line 76 leading to the first chamber 68, 
f5 and a second air tine 78 leading to the second chamber 
72, and first and second control means for controlling 
the passage of air through the air lines 76 and 78. 

A main valve 80 serves as an operating valve tor 
both the first and second control means. The valve 80 
20 is normally closed as shown in Figure 3. 

In the closed position of the valve 80, the lines 76 
and 78 are closed off. A control line 82 connected to the 
line 76 leads to a normally closed control valve 84 of the 
first control means. A control line 86 connected to the 
line 78 loads to a normally closed control valve 88 of the 
second control means. 

The main operating valve 80 is movable by sole- 
noids 90,92 out of its closed position into a first position 
and into a second position: in the first position of the 
valve 80 the lines 82 and 76 leading to the first chamber 
68 are connected to a pressure supply 94, and the lines 
86 and 78 leading to the second chamber are connected 
to exhaust through a restrictbn 96, In the second posi- 
tion of the valve 80 the lines 86 and 78 are connected 
to the pressure supply 94 and the lines 82 and 76 are 
connected to exhaust through a restriction 98. 

The control valve 84 of the first control circuit is also 
operated by a solenoid 85 between a first position, as 
shown in Figure 3, in which the valve is closed, and a 
second position, in which the line 82 is connected to ex- 
haust through a restriction 100. 

The control valve 88 of the second control circuit is 
operated by a solenoid 89 between a first, closed, posi- 
tion as shown in Figure 3, and a second, open, position 
in which the line 86 is connected to exhaust through a 
restriction 102. 

It will be understood that the solenoids 85,89,90 and 
92 are operated al desired limes by signals from a liming 
system of the machine. 

Figure 3 shows the piston and cylinder arrangement 
60 in position with the moulds of the mould mechanism 
open. 

When the moulds arc to close, a signal to solenoid 
89 opens the second control valve 88 and vents air in 
the second chamber 72 to exhaust through the restric- 
tion 1 02, which is adjusted to offer little resistance to the 
flow of air. Solenoid 90 is then operated to connect the 
first chamber 68 to compressed air and to connect the 
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line 78 to exhaust through the restriction 96, which offers 
considerable resistance to the flow of air Movement of 
the piston 62 to the right (viewing Figure 3) thus rapidly 
takes place. At a desired point before the end of the 
stroke of the piston 62 the solenoid 89 is deactivated, 
thus closing the valve 88 and causing any remaining air 
flowing out of the chamber 72 to flow through the tight 
restriction 96. This serves to cushion the end of the clos- 
ing stroke of the piston and cylinder device 60. 

When it is desired to open the moulds, solenoid 85 
is activated to vent air from the first chamber 70 to ex- 
haust through the restriction 100 which is adjusted to 
offer little resistance to the flow of air. Solenoid 90 is then 
deactivated and solenoid 92 activated to move the valve 
80 into its second position. In which line 78 is connected 
to the air pressure supply 94 and line 76 Is connected 
to exhaust through the restriction 98 which offers con- 
siderable resistance to air flow. Again at a desired point 
before the end of the return stroke of the piston 62 the 
solenoid 85 is deaclivaled, thus closing Ihe valve 84 and 
thus cushioning the end of the return stroke. 

It will be understood that this pneumatic mechanism 
provides a comparatively cheap and simple pneumatic 
circuit in which adjustable cushioning can be provided 
at the end of each stroke, the movement of the piston 
can be fasterthan in conventional mechanisms, and the 
appropriate timing control can vary the speed and the 
amount of cushioning in each stroke. Further, the main 
valve 80 is provided with springs in addition to the sole- 
noids 90 and 92 so that in the event of a power failure, 
the valve 80 immediately moves to its closed position, 
thus to bring the mould mechanism immediately to rest. 

Figure 4 shows a third pneumatically operated 
mechanism for controlling the movement of a blow head 
2, in a glass container forming machine. In many re- 
spects the third pneumatically operated mechanism is 
similar to the first mechanism just described, and similar 
parts in the third mechanism are indicated by numerals 
one hundred greater than in Figure 1 . 

The third mechanism comprises a first air line 122 
leading to the first, lower, chamber 10, and a second air 
line 124 leading to the second, upper, chamber 12, and 
first and second control means for controlling the pas- 
sage of air through the first and second air lines. 

The first control means comprises a normally open, 
up operating valve 126 movable between a first, closed 
position in which the first chamber 10 Is connected to 
exhaust through an adjustable restriction 128 and a sec- 
ond, open, position in which the first chamber 10 is con- 
nected to a source P of compressed air [as shown in 
Figure 1] Movement of the valve 126 between its first 
and second positions is obtained by operation of a so- 
lenoid 130 which operates in response to signals re- 
ceived from a control microprocessor 160 which is con- 
nected to an overall controller which provides operating 
timing signals. 

The first control means also comprises a normally 
closed down speed control valve 132 and a control line 



134 which connects the control valve 1 32 to the air line 
122 between the chamber 10 and the operating valve 
126. 

The speed control valve 1 32 is movable, by opera- 
s tion of a solenoid 136, between a first, open, position, 
in which the control line 134 is connected to exhaust 
through an adjustable restriction 138, and a second, 
closed, position in which the control line 134 is not so 
connected (as shown in Figure 1). 
'io The second control mean closely resembles the 
first control means, and comprise a normally closed 
down operating valve 140 movable by a solenoid 142 
between a first, closed, position in which the second 
chamber 12 is connected to exhaust through an adjust- 
^5 able restriction 144 (as shown in Figure 1 ), and a sec- 
ond, open, position in which the second chamber 12 is 
connected to compressed air R and a normally closed 
up speed control valve 1 46 and a control line 1 48 which 
connects the control valve 146 to the air line 124 be- 
20 iween the chamber 1 2 and the operating valve 140. The 
control valve 1 46 is moveable by operation of a solenoid 
150 between a first, open, position in which the control 
line 148 is connected to exhaust through an adjustable 
restriction 152, and a second, closed, position (as 
^5 shown in Figure 1) in which the control lino 148 is not 
so connected. 

A pressure sensor 1 54 is connected to the line 1 22 
and a pressure sensor 156 to the line 124, The proces- 
sor 160 is connected to the solenoids 130. 136, 142, 
30 150 and to the sensors 154 and 1 56 through conductors 
161, 162, 163, 164, 165 and 166 respectively. 

Figures 5A and B show, for a vertically operated 
pneumatic mechanism, typical movement of the piston 
6 and the pressures in the upper and lower chambers 
35 for a downstroke with excessive cushioning. It will be 
noted that, at a point A, the piston is cushioned almost 
to bring It to a halt well before reaching its final end po- 
sition. 

Figures 6A and B show corresponding curves for a 
40 piston 6 with insufficient cushioning. It can be seen that 
at B the piston comes to an abrupt halt, almost certainly 
entailing banging of the mechanism. 

Figures 7A and B show corresponding curves for 
the piston 6 with satisfactory cushioning. It can be seen 
at C that the piston comes smoothly to rest. Satisfactory 
cushioning is that which will bring the piston to a halt 
without causing jarring or banging of the mechanism 
and without requiring an undue time to do so. 

From Figure 78 it can be seen that satisfactory 
^0 cushioning on the down stroke is characterised by two 
pressure peaks in the lower chamber, a major peak D 
and a minor peak E This can be contrasted with exces- 
sive cushioning (Figures 5A and 5B) which is charactor- 
ised by two major pressure peaks F and G, and with 
ss insufficient cushioning (Figures 6A and 68) which is 
characterised by a single peak H. 

Figures 8A., SB, 9A, 98 and 1 0A and 108 show sim- 
ilar curves for the up stroke of the piston. 
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Figures 8A and 8B show typical movement and 
pressure variation for an up stroke with excessive cush- 
loning. The time for the up stroke from the first supply 
of pressure under the piston (point J) to the piston com- 
ing to rest is significantly longer than under satisfactory 
cushioning (see Figures 10A & 10B). 

Figures 9A and 9B show typical movement and 
pressure variation with insufficient cushioning. It can be 
seen that the piston "bounces" at the end of the upstroke 
which causes excessive wear and tear of the mecha- 
nism. 

Figures 10A and 108 show typical movement and 
pressure variations with satisfactory cushioning. It can 
be seen that the piston comes smoothly to rest at the 
end of the upstroke. 

Again it can be seen that with excessive cushioning 
(Figures 8A, SB) the pressure in the upper chamber is 
characterised by one nrvarked pressure peak K and one 
minor pressure peak, approximately | of the marked 
peak, at L. 

With insufficient cushioning, the pressure in the up- 
per chamber is characterised by one marked pressure 
peak M and one minor pressure peak N approximately 
^ of the marked peak. 

With satisfactory cushioning, the pressure in the up- 
per chamber is characterised by only one marked pres- 
sure peak P. 

The pneumatic operating mechanism of Figure 4 
can be utilised to obtain the desired cushioning on both 
the up and down strokes of the piston 6. 

The processor 1 60 is arranged to generate four tim- 
ing signals for on/off operation of various valves: - 

r^otion Down Signal - sent along line 163 to down 
operating valve 140 

Motion Up Signal - sent along line 161 to up oper- 
ating valve 126 

Fast Down Signal - sent along line 162 to down 
speed control valve 1 32 

Fast Up Signal - sent along line 164 to up speed 
control valve 146. 

Figure 11 shows a typical timing sequence for the 
mechanism. 

Graph I shows a timing signal from the overall con- 
troller to the control microprocessor 160. 

Graph II shows the Fast Down Signal to the down 
speed control valve 1 32, which is normally closed. 

Graph III shows the Motion Up Signal to the normal- 
ly open up operating valve 126. 

Graph IV shows the Fast Up Signal to the normally 
closed up speed control valve 146. 

Graph V shows the Motion Down Signal to the nor- 
mally closed down operating valve 140. 

A timing on-signal (a) is provided from the overall 
controller to the control microprocessor to initiate down 
stroke movement. 

This immediately operates (Graph HI) to open the 



12 

up operating valve 1 26 (c) thus venting the lower cham- 
ber 10. This pre-exhaust is followed after a short delay 
by an on signal (d) (Graph V) to the normally closed 
down operating valve 1 40 to open the valve 1 40 and 
5 thus connect the upper chamber 1 2 to pressure. 

A timing off signal (b) is then provided to initiate up 
stroke movement. 

This immediately operates (e) (Graph V) to vent the 
upper chamber 12 to exhaust through the valve 140 to 
^0 pre-exhaust the chamber 12. After a short delay an off 
signal (f) (Graph III) is provided to the up operating 
valve, to connect the lower chamber 1 0 to pressure thus 
to initiate the up stroke. On completion of the up stroke 
the cycle is repeated. 

Graphs II and IV show the signals to the down and 
up speed control valves 1 32 and 1 46: the timings of the 
operation of these valves are adjusted to obtain the de- 
sired speed of movement and cushioning of the mech- 
anism. 

As shown in Graph II the down speed control valve 
1 32 may be switched on three times during the down 
stroke motion, each time connecting the lower chamber 
10 to exhaust. The first switching (g) Is coincident with 
the timing signal (a) and the length of the interval deter- 
mines the accoloration at the beginning of the down 
stroke motion. The second switching (h) by its length 
and timing determines the speed and cushioning of the 
piston towards the end of the down stroke. It may be 
desirable to merge the first and second switchings The 
third switching (j) serves quickly to exhaust any pressure 
in the lower chamber 10 after the down position of the 
piston has been reached. 

As shown in Graph IV the up speed control valve 
146 may also be switched on three times during the up 
stroke. The first switching (k) is coincident with the up 
timing signal (b), and the length of the first switching de- 
termines the acceleration at the beginning of the up 
stroke motion by venting the upper chamber 12 to ex- 
haust. The length and timing of the second switching (I) 
determines the speed and cushioning at the end of the 
up stroke - again on occasion the first and second 
switchings can be merged into one. The third switching 
(m) may be used rapidly to exhaust any pressure in the 
upper chamber 1 2 when the piston has moved into its 
upper position. 

As described the cushioning of the mechanism can 
be determined by the timing of the two speed control 
valves 1 32 and 146. The pressure sensors 1 54 and 1 56 
feed signals indicating the pressure in the lower and up- 
per chambers 10 and 12 into the processor 160, identi- 
fication of the peaks of pressure in the lower chamber 
10 enables the processor to determine whether the 
cushioning of the down stroke is excessive, inadequate 
or satisfactory (see Figures 58, 68, 78). Identification 
of the peaks of pressure in the upper chamber 1 2 ena- 
bles the processor to determine whether the cushioning 
of the up stroke is excessive, inadequate or satisfactory 
(see Figures SB, 98 and 108). 
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Figure 12 shows an algorithm for setting the down 
stroke cushioning into a satistactory condition. The 
down stroke cushioning is adjusted by adjusting the du- 
ration of the Fast Down Signal, signal (h) on graph II of 
Figure 11 Jf (h) is too long, the cushioning is insufficient: 
if It is too short the cushioning is excessive 

Figure 13 shows an algorithm for setting the down 
stroke motion time. The down stroke motion time is also 
adjusted by adjusting the duration and timing of the Fast 
Down Signal (h) on Graph II of Figure 11 . The earlier the 
signal Is given, the faster the down stroke. 

Down stroke motion time can also be adjusted by 
adjusting the duration of Fast Down Signal (g) on Graph 
H of Figure 11 or by adjusting the delay of Motion Down 
Signal (d)on Graph V of Figure 11 . In most circumstanc- 
es adjustment of the signals (g) and (d) may be made 
as part of the setting up of the mechanism, and the al- 
gorithm operates to adjust the down stroke by adjust- 
ment of signal (h). However if desired the algorithm can 
be modified also to adjust signal (g) and (d). 

Figure 14 shows an algorithm for setting the up 
stroke cushioning into a satisfactory condition. The up- 
stroke cushioning is adjusted by adjusting the duration 
of the Fast Up Signal, signal (I) on graph IV of Figure 1 1 . 

Figure 16 shows an algorithm for sotting the up 
stroke motion time, again by adjusting the timing and 
duration of the signal (I). 

Upstroke motion time can also be adjusted by ad- 
justing the duration of Fast Up Signal (k) (Graph IV) or 
the delay of Motion Up Signal (f) (Graph III). Again if 
desired adjustment of these signals (k) and (f) may be 
achieved in a modified algorithm instead of relying on 
adjustment of the signal (L). 

The third pneumatic mechanism just described uti- 
lises monostable valves. A modification using bistable 
valves is of course possible as the pressure conditions 
in the cylinders would not be affected by a change from 
monostable to bistable valves. 
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through one of the air lines comprising; 
an operating valve (26,40.80) in the air line 
movable between a first position in which the 
respective chamber is connected to exhaust 
through a restriction and a second position in 
which said chamber Is connected to a supply of 
compressed air; 

a speed control valve (32,46,84,88); 
a control line (34,48,82,86) connecting the 
speed control valve (32,46,84,88) to the air line 
between the chamber and the operating valve: 
the control valve (32,46,84,88) being movable 
between a first, open, position in which thecon- 
trol line is connected to exhaust through a re- 
striction (38,52,100,102) and a second, closed, 
position in which the control line Is not so con- 
nected; 

the operating valve and the speed control valve 

being adapted to operate at appropriate times 
to control the movement of the piston in re- 
sponse to appropriate signals provided by an 
external control system, 

A pneumatically operated mechanism for control- 
ling the movement of an operating member com- 
prising: 

a piston and cylinder device (4,60) comprising 
a piston (6,62) mounted in a cylinder (8.66) and 
dividing the cylinder into first (10,68) and sec- 
ond chambers (12,72) with the operating mem- 
ber connected to the piston: 
first (22,76) and second (24,78) air lines lead- 
ing to the first and second chambers 
(10,68,12,72) respectively 



characterised 
comprises 



in that the mechanism also 



40 



Claims 



A pneumatically operated mechanism for control- 
ling the movement of an operating member com- 
prising: 45 



a piston and cylinder device (4,60) comprising 
a piston (6,62) mounted in a cylinder (8,66) and 
dividing the cylinder into first (10 68) and sec- 
ond chambers (1 2,72) with the operating mem- 
ber connected to the piston: 
first (22,76) and second air lines (24,78) lead- 
ing to tho first and second chambers (12,72,) 



es a 



characterised In that the mechanism compris- 



50 



55 



control means for controlling the passage of air 



first and second control means for controlling 
the passage of air through the first and second 
air lines respectively each control means com- 
prising; 

an operating valve (26,40,80) in the respective 
air line movable between a first position in 
which the respective chamber Is connected to 
exhaust through a restriction and a second po- 
sition in which said chamber is connected to a 
supply of compressed air; 
a speed control valve (32,46,84,88); 
a control line (34,48,82,86) connecting the 
speed control valve (32,46,84,88) to the air line 
between tho chamber and the operating valve; 
the control valve (32,46,84,88) being movable 
between a first, open, position in which the con- 
trol line is connected to exhaust through a re- 
striction (38, 52. 1 00, 1 02) and a second, cbsed, 
position in which the control line is not so con- 
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nected; 

the valves of the two control means being 
adapted to operate at appropriate times to con- 
trol the movement of the piston In response to 
appropriate signals provided by an external 5 
control system. 

3. A mechanism according to claim 2 in which: 

the operating valve 26 of the first control means io 
is normally open; 

the control valve 32 of the first control means 
is normally closed; 

the operating valve 40 of the second control 
means is normally closed and, is 
the control valve 46 of the second control 
means is normally open. 



first control valve is closed, so that the piston 
moves trom the first end towards the second 
end of the cylinder; 

(d) the second control valve is closed, restrict- 
ing the exhaust from the second chamber 
through the narrow restriction associated with 
the second operating valve, thus cushioning 
the end motion of the piston as it moves to the 
second end of the chamber. 

7. A method according to claim 6 wherein the control 
system procures the additional step of; 

(e) the second control valve opens, allowing ex- 
haust of cushioning air from the second cham- 
ber at the end of the stroke of the piston. 



4. A mechanism according to claim 3 wherein the pis- 
ton and cylinder operates verlically, and the first 20 
chamber is a lower chamber and the second cham- 
ber an upper chamber. 

5. A mechanism according to claim 2 wherein the re- 
strictions (28,44.96,98) through which the operating ^5 
valves connect to exhaust are narrow restrictions 
and the restrictions (38,62,100,102) through which 

the control valves connect to exhaust are only slight 
restrictions. 

30 

6. A method of controlling the movement of an oper- 
ating member comprising the use of a mechanism 
according to claim 2 and providing signals from a 
control system which procures the following se- 
quence:- 35 

(a) the piston is at the first end of the chamber 
the operating valve of the first control means is 
closed., connecting the first chamber to exhaust 
through a narrow restriction 40 
the control valve of the first control means is 
open, connecting the first chamber to exhaust 
through only a slight restriction 

the operating valve of the second control 
means is open, connecting the second cham- ^5 
ber to compressed air; 

the control valve of the second control means 

is closed. 

(b) the second operating valve is closed con- ^0 
necting the second chamber through a narrow 
restriction to exhaust and 

the second control valve is opened, connecting 
the second chamber to exhaust through only a 
slight restriction. ss 

(c) the first operating valve «s opened, connect- 
ing the first chamber to compressed air and the 



8. A method according to claim 6 wherein the operat- 
ing valve of the first conlrol means is normally open; 

the control valve of the first control means is 
normally closed; 

the operating valve of the second control 
means is normally closed; 
the control vaive of the s^ond control means 
is normally closed. 

9. A method according to any one of claims 6, 7 and 
8 in which the piston and cylinder device is vertical: 

the first chamber being a lower chamber and 
the second chamber an upper chamber. 

10. A pneumatically operated mechanism for control- 
ling the movement of an operating member com- 
prising 

a piston and cylinder device comprising 
a piston mounted in a cylinder and dividing the 
cylinder into first and second chambers with the 
operating member connected to the piston and 
first and second air lines leading to the first and 
second chambers respectively 

characterised in that the mechanism also 
comprises 

first and second control means for controlling 
passage of air through the first and second air 
lines respectively 

each such control means comprising 
an operating valve (126.140) in the rcspoctive 
air line moveable between a first position in 
which the respective chamber is connected to 
exhaust through a restriction and a second po- 
sition in which said chamber is connected to a 
supply of compressed air 
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a speed control valve (132,146) 
a control line (134,148) connecting the control 
valve (132,146) to the air line between the re- 
spective chamber and the operating valve 
the speed control valve (1 32, 1 46) being move- s 
able between a first, open, position in which the 
control line and the chamber are connected to 
exhaust through a restriction and a second 
closed position in which the control line and the 
chamber are not so connected w 
a sensor (154,156) for sensing the pressure in 
the respective air line and chamber 
and a processor adapted in response to pres- 
sure data sensed by the sensors (154,156) to 
operate the operating valves (126.140) and the is 
speed control valves (1 32, 1 46) to obtain the de- 
sired movement of the piston. 

11. A mechanism according to claim 1 0 in which the pis- 
ion and cylinder devbe is arranged vertically, the 20 
first chamber being the lower chamber and the sec- 
ond chamber the upper chamber the sensor (154) 

of the first control means sensing the pressures in 
the first, lower, chamber, and the processor being 
arranged to adjust the timing of operation of tho first 2S 
speed control valve (132) according to the sensed 
pressure. 

1 2. A mechanism according to one of claims 1 0 and 1 1 

in which the piston and cylinder device is arranged so 
vertically, thefirst chamber being the lower chamber 
and the second chamber the upper chamber, the 
sensor (156) of the second control means sensing 
the pressure in the second, upper, chamber, and the 
processor being arranged to adjust the timing of op- 3S 
eration of the second speed control valve (146) ac- 
cording to the sensed pressure. 

1 3. A mechanism according to one of claims 10,11 and 

12 wherein the operating valves are monostable. 40 
the operating valve in the first airline being normally 
open and the operating valve In the second airline 
being normally closed. 

14. A mechanism according to claim 13 wherein the 45 
speed control valves are monostabie and normally 

closed. 
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